A gas chromatography with mass spectrometric detection (GC-MS) method was developed and optimized for the determination of 17 endocrine disrupting compounds (EDCs) in coastal water samples. The evaluated EDCs were from different origins and included estrogens, bisphenol A, alkylphenolethoxylates, alkylphenols, phytoestrogens and sitosterol (SITO). The EDCs were extracted from samples using Oasis HLB (Hydrophilic-Lipophilic Balance) cartridges and derivatized with N,Obis(trimethylsilyl)trifluoroacetamide (BSTFA) added with 1% trimethylchlorosilane (TMCS). The validation parameters revealed that this method was highly specific for all assayed compounds (>99%) and the linearity of the calibration curves showed a correlation higher than 0.99. The detection limits were at low ng/L level and the recovery rates were higher than 70%. The performance of the method was checked using coastal water samples taken every 2 months during 
INTRODUCTION
In the aquatic environment, there is a multiplicity of compounds able to act as endocrine disrupting compounds (Hoerger et al. ) , some of which are already known as EDCs (Kiparissis et al. ) . Because valid interpretation of environmental data needs validated methods, this study describes the development and the validation of an analytical protocol which allows the evaluation of the global amounts of the above referred EDCs in coastal matrices -marine and estuarine environments, by gas chromatography coupled to mass spectrometric detection (GC-MS). The extraction method, in spite of being based in a previous study done by our group (Ribeiro et al. ) , was enlarged to embrace a further eight EDCs -namely the phytoestrogens and SITO that are highly difficult to extract together with APs and APEOs. To evaluate the efficacy of this technique for monitoring purposes, water samples were collected during 1 year from the Douro River estuary and Porto city coastline (Portugal). The chosen river is an international watercourse that originates in north-central Spain and flows down 772 km (480 miles) along the Spanish-Portuguese border before its entrance in the Atlantic Ocean, at the city of Porto. The city area is densely inhabited having more than 700,000 residents in the last 8 km of the estuary (Bordalo & Vieira ) . Due to this, Porto coastal waters are highly prone to be impacted by chemicals released either upstream or inside the estuary, where they have a residence time that may range from 8 h to more than 2 weeks, depending on river flow (Vieira & Bordalo ) .
Thus, this study aimed to provide (1) the validation of a robust analytical protocol to evaluate anthropogenic pollutants, phytoestrogens and SITO in polluted surface coastal waters; (2) the results of an annual monitorization of the Douro River estuary and Porto coastline waters; (3) the values of several physicochemical quality parameters, linked with the presence of fecal contamination and eutrophication, such as pH, dissolved oxygen (DO), nitrates, nitrites, ammonia, un-ionized ammonia, and phosphates.
The new data are not only of local relevancy but also of global interest since they integrate our continuous efforts to characterize the presence and impacts of EDCs in the surface waters of the Iberian peninsula. were prepared and added to coastal water samples: 5, 25, 100 ng/L, 12.5, 25, 100 ng/L or 10, 500, 200 ng/L depending on the analyzed compound. Calibration curves were produced using standard/IS ratios versus the above referred standard concentrations (ng/L).
MATERIALS AND METHODS

Chemicals and materials
Sample collection and preparation
Surface water samples were collected from the Douro River estuary and from two popular sandy beaches situated about 1 km north (Foz) and 1 km south (Lavadores) of the estuary mouth (Sites S1 and S8, Figure 1 ). Sampling sites S2 and S3
are located at Porto city margin, near the discharge points of and January, March, May, July and September 2010 (n ¼ 48) into 2.5 L amber glass bottles, which were previously rinsed in the laboratory with ultrapure water and later, on site, with water sample. The sampling occurred at 1 m depth using a peristaltic pump (Global Water: WS 3000, California, USA).
Water quality measurement
All physicochemical parameters such as temperature, pH, DO and salinity were evaluated in situ, using an electrochemical analyzer (Hach Lange, HQD-Electrochemistry multi meter). During transport to the laboratory all flasks were stored at ca. 5 W C. At the laboratory, the amounts of nitrites, nitrates, ammonia and phosphates were measured using the Palintest 7000 Interface Photometer.
Sample preparation
Water samples were immediately filtrated, to eliminate particulate matter and other suspended solids, through a Figure 1 | Location of the sampling sites at the Porto coastline (S1 and S8) and at the Douro River estuary (S2 to S7), Portugal. (50:50, v/v) . Because these extracts were sticky and dark, they were submitted to a cleaning step through silica cartridges (1 g). The resulting extracts were evaporated to dryness in a heating block at 40 W C under a gentle N 2 stream and reconstituted with 250 μL of anhydrous methanol -the sample concentration factor was 4,000 fold.
Due to the low volatility of the majority of the present compounds, which gave rise to poor chromatographic peaks, derivatization was essential (Rocha et al. ) . In this step, 50 μL of each of the SPE extracted fractions, containing the studied compounds in mixture, were transferred into GC vials and evaporated to dryness under a gentle N 2 stream. Fifty microliters of pyridine were added to the dry residues which were derivatized by the addition of 50 μL of BSTFA (1% TMCS). BSTFA (1% TMCS) was tested together with the n-methyl-n-(trimethylsilyl) trifluoroacetamide, however the former was more efficient to derivatize all assayed EDCs, mainly the APs and APEOs. Finally, after the addition of BSTFA (1% TMCS) the vials were mixed using a vortex system and heated, in a heating block, for 30 min at 70 W C.
GC-MS conditions
The trimethylsilyl (TMS)-derivatives were further evaporated to dryness under a gentle nitrogen stream, reconstituted with 100 μL of hexane and subjected to GC-MS analysis. GC-MS analysis was performed using a gas chromatograph (Trace 
Quantification parameters
Quantitative analysis was performed in a SIM mode using 
Statistical analysis
Results are expressed as mean ± standard error of the mean (SEM) and data on Figures 3 and 4 were subjected to statistical analysis using the software SigmaStat for Windows (version 3.5). After checking assumptions of normality and homogeneity of variances, data sets were analyzed by one-way analysis of variance (ANOVA). Normality and homogeneity of variances were evaluated 
RESULTS
Solid-phase extraction
The sample pre-treatment was successfully optimized for the simultaneous extraction of 17 EDCs since the recovery rates reported in Table 2 ranged from 70 to 120% demonstrating that this SPE method can be used for the extraction of the selected EDCs. This observation was confirmed by the analysis of a blind sample, prepared in triplicate, containing all analyzed EDCs at concentrations which were not known by the analyst (150 ng/L for all EDCs). These results produced average accuracies of 97% and precision of 9.8%
RSD. 
GC-MS instrumental data
Validation data
Selectivity
In this study, it was observed that when standard solutions of all EDCs were spiked in real seawater and estuarine water samples (QC) both the retention times and the mass spectra were maintained between standards and fortified matrices (RSD < 5%). Therefore, it was concluded that this chromatographic procedure is a selective method for the quantification of the 17 EDCs presented in Table 1 . Furthermore, the absence of matrix interferences, even in highly polluted matrices, guarantees the suitability of this method for monitoring purposes in polluted coastal water samples (Figure 2(b) ).
Linearity and range
The range, slope, interception points and correlation levels (r 2 > 0.99) of each analytical curve are presented in Table 3 .
Precision and accuracy
The precision of this method was based on the determination of the repeatability (intra-day assays) and the intermediary precision (inter-day assays) ( Table 2) 
Limits of detection and quantification
The LODs and LOQs ranged from 0.60 to 5.47 ng/L and from 1.98 to 18.05 ng/L, respectively (Table 3) .
Matrix effects
To confirm that our matrix did not affect the SPE protocol, QC standard solutions were spiked in real seawater and estuarine water samples. The analysis of these data confirmed that both retention times (RSD < 5%) and ion fragmentation were not affected, i.e., the tolerances were ±10% for ions with a relative intensity >50% of the base peak, ±15% for ions with a relative intensity of 20-50%, ±20% for ions with a relative intensity of 10-20% and ±50% for ions with a relative intensity of <10%. Also, the peak areas were similar when comparing QC standards spiked in real water samples or in coastal water artificial matrices.
EDCs in water samples from Douro River estuary and Atlantic Ocean
Out of the 816 measurements made (48 samples from eight sites × 17 compounds) less than 3% refer to values below the LODs of the method (Table 3) . In Table 4 , the average amounts of all proposed EDCs are reported.
Estrogens
In all analyzed samples, the detection frequency of E1 and E2 were both close to 100%. In Figure 3 the spatial fluctuation patterns of E1, E2 and EE2 are shown, and in Table 4 their mean monthly amounts are reported, considering that there are no significant differences among the sampling sites (p > 0.05). In spite of this, occasionally extremely high amounts of estrogens were measured at sites S2 and S5 that are located near the WWTPs effluents, and also at site S8 where direct sewage discharges are suspected to occur (Figures 1 and 3(a) ). BPA peaked somewhat randomly, nonetheless, no significant differences were found for their levels among the SITO increased almost 1,000 fold in May-July (p < 0.001; Figure 4 (c)) resembling the behavior of the above referred isoflavones, the levels of which were maximal in spring.
Industrial and household cleaning compounds
Physicochemical parameters
All analyzed physicochemical parameters were very similar among sampling sites and no specific variation was observed during sampling (Table 5) . 2.7 ± 0.8 1.8 ± 0.4 1.5 ± 0.3 3.3 ± 0.6 4.6 ± 1.2 3.6 ± 0.9 E2 8.5 ± 1.9 7.6 ± 0.9 5.9 ± 1.2 7.0 ± 1.0 7.5 ± 0. 
9.9 ± 0.9 9.3 ± 1.9 
Natural and synthetic estrogens
In the estuary, the measurement of extremely high amounts of E1 and E2 (up to 20 ng/L) at the sites S2, S5 and S6
demonstrates that the major route of entrance of these estrogens are the effluents coming from the WWTPs located upstream of the last referred sampling sites (Figure 1 ).
These observations are in accordance with the knowledge that points to the WWTP effluents as the main source of these compounds because these facilities have difficulty in achieving the eradication of these compounds (// EC). In the coastline, the direct discharges are the most probable source of these EDCs as their amounts were similar to those found at the estuary (Figure 3 (un-ionized) ammonia, which is dependent of both pH and temperature, were twofold higher than that required by the Portuguese legislation (Decreto-Lei n W /). Additionally, the total amounts of phosphorous, were also measured in excessive amounts, i.e., almost threefold higher than the maximal concentrations of 0.1 mg/L recommended for rivers and streams by the Water Quality Criteria ().
Thus, our data confirmed that this coastal area was being strongly impacted by urban WWTPs and non-treated sewages, evidencing the need for remediation programs. 
CONCLUSIONS
